The structural, magnetic and Raman effect have been investigated on (Tb 1-x Eu x ) 2 Ti 2 O 7 .
Introduction
Geometrically Frustrated pyrochlore systems A 2 B 2 O 6 O' where A is a rare earth ion and B is transition metal ion [1] , have attracted great attention both experimentally and theoretically in past decades owing to their different low temperature states [2] [3] [4] [5] . In pyrochlore frustrated system, a balance between exchange, dipolar interactions, single ion anisotropy and strong crystal field effect lead to a formation of exotic degenerate ground states [6] [7] [8] . These ground states include spin liquid [6, 9, 10] , spin glass [11] [12] [13] , spin ice [7, 8, [14] [15] [16] and order by disorder [17] [18] [19] . In cubic pyrochlore oxide R 2 Ti 2 O 7 (space group Fd-3m), the Ti +4 ions are non magnetic and the rare earth ion R +3 which resides on a lattice of corner sharing tetrahedron has a key role to determine the magnetic properties of frustrated systems. In this geometry, each R +3 ion is surrounded by 8 oxygen atoms showing a distorted trigonal cube of D 3d symmetry which leads to frustration [20] . Strong crystal field interaction with the D 3d symmetry result the differences between R +3 ionic magnetic susceptibilities along D 3d axis and its perpendicular direction which develop single ion anisotropy [21] . The pyrochlore structure with specific
antiferromagnetic nearest neighbour exchange interaction shows no transition to long range magnetic ordering at finite temperature as its classical Heisenberg magnetic moment interact with a nearest neighbour [22, 23, 24, 25] . In such type of magnetic systems, it has been suggested that S=1/2 pyrochlore Heisenberg antiferromagnet is fully quantum disordered that they possess a spin liquid state [26] which have strong and non-trivial short range spin correlations. But some insulating magnetic systems show either long range ordering as in FeF 3 [27] [37] ,CsNiCrF 6 [38] pyrochlore etc.
One of our parent compounds spin liquid Tb 2 Ti 2 O 7 (TTO) has ideal, disorder free structure as it is free from A/B disorder or oxygen nonstiochiometry [39] but some deviations in Tb/Ti ratio influence the spin lattice coupling below 1K [40] . Pyrochlore Tb 2 Ti 2 O 7 shows a negative Curie-Weiss temperature (θ CW =-14.75K) confirming its effective interaction between spins to be antiferromagnetic. Therefore,<111> anisotropy should not develop magnetic interaction and a long range magnetic ground state is expected, but in this case no such sign of long range magnetic ordering is found down to 50mK [41] [42] [43] [44] . From different measurements like elastic and inelastic neutron scattering (INS), muon spin relaxation (µSR) it has been shown that this pyrochlore system develops AFM short range order at ~50K, but it remains in paramagnetic state down to temperature ~0.07K [41] . From recent study, it has been proposed that Tb 2 Ti 2 O 7 crystal possesses two phases at low temperature and low magnetic field applied along (111) direction [45] . In its magnetic field dependent ac susceptibility measurement, two weak magnetization plateaus were found at temperatures 16 mK and 40mK respectively which suggested that 1 st phase to be Quantum spin ice and 2 nd one to be quantum Kagome ice [45] .
Another parent compound Eu 2 Ti 2 O 7 (ETO) is also an antiferromagnetic in nature (θ CW = -1.35K) [46] . From earlier study it has been observed that Eu 2 Ti 2 O 7 has temperature dependent anomalous correlation effect in χ -1 and specific heat measurement at low temperature [47] . It has been shown that this effect is due to the super-exchange interactions between Eu +3 ions at intrinsic and defect states [47] . An interesting result was found in its high temperature magnetic susceptibility measurement as its ac susceptibility introduces a sharp spin freezing below 35K (~32K for 500Hz) which is thermally activated process. From Cole-Cole plot and Casimir-du Pre relation, it has been confirmed that this high temperature spin freezing is single ion relaxation process [46] .
In this paper we report that Tb 2 Ti 2 O 7 shows a glass like transition below 36K (~33K for 500Hz) at zero magnetic field, observed from its imaginary part of ac susceptibility which is not reported till now. We have also investigated the structural, magnetic and Raman study of (Tb and then heated at 1000 0 C in air for 24 hours. This calcination process was carried out several times. The resulting powder were pressed into pellets and sintered at 1400 0 C for 48 hours. The prepared samples were characterized by X-ray powder diffraction (XRD) method at room temperature by using Rigaku Miniflex II X-ray diffractometer at wavelength of 1.5418 Å of CuKα radiation. All the dc and ac magnetic measurements were carried out using a Quantum Design magnetic property measurement system (MPMS) super conducting quantum interference device (SQUID) magnetometer down to 1.8 K. Raman spectra were recoreded by Renishaw
Micro Raman Spectrometer using a solid state Laser of wavelength 532 nm.
Results and Discussions

Stability Study
Formation and stability of R 2 Ti 2 O 7 pyrochlore mainly depend on the ionic radius of R
3+
and Ti 4+ cations. If the ionic radius ratio r(R 3+ )/r(Ti 4+ ) lies between 1.46-1.78, then it forms a pyrochlore structure and if it is less than 1.46 then the system becomes a defect fluorite and if it is more than 1.78 then compound changes into pervoskite layered structure [48] . We have calculated the ionic radius ratio of all the samples of TETO series by using this equation [49] : 
Structural Study
All the samples were examined by XRD measurement and it is found that all the samples were formed in single phase with no impurity. Fig. (1) shows the XRD pattern of all the samples. Inset of Fig. (1 
DC Magnetic Study
In order to investigate the magnetic property of the TETO, we have measured the temperature and magnetic field dependent DC magnetization. 
Where θ CW is Curie-Weiss Temperature and C is Curie Constant. From Fig.5 where rnn is the distance between a R 3+ ion at (000) and its nearest neighbour at (a/4, a/4,0), a being the lattice constant of the unit cell of the compound [47] . By using all these relations the calculated data are collected in is consistent with earlier report [46] . The effective theoretical and calculated (by C.W. Fit) magnetic moment of all the compounds at room temperature are comparable to each other which is presented in the inset of Fig.4 The variations of magnetization of all the series compounds with applied magnetic field at 2 K are presented in Fig. 4(b) . M-H curves of TETO show unsaturated linear nature i.e. magnetic moment does not saturate up to 2 T applied magnetic field. This confirms the antiferromagnetic interaction and also supports the decrement of magnetic moment with increase of Eu content due to the enhancement of AFM exchange interactions.
AC magnetic Study
In order to investigate the the spin relaxation mechanism, AC susceptibility of all the samples were measured. In Tb 2 Ti 2 O 7 compound at H =0 Oe, real part of AC susceptibility χ' (T) (shown in fig.   6 (a)) does not show any anomaly and shows canonical paramagnetic behaviour as earlier reported , where T f is the freezing temperature at frequency f and p is the parameter which should be less than 0.01 for spin glass [16] transition. But for TTO this value is found to be 0.36 which is much larger than 0.01 value of spin glass. This value of p suggests that this transition is not spin glass type. Moreover, the fact that the magnetic field of 1T does not affect the T f also supports that the system is not a typical spin glass as for spin glass it is found that magnetic field suppresses the freezing temperature. Another parent compound ETO also shows a spin freezing transition below 35K [46] . However, the observation of this relatively higher temperature spin freezing for Tb 2 Ti 2 O 7 can be of particular interest as so far it was believed to remain dynamic down to 50 mK and no freezing was observed.
Considering this spin freezing process in frustrated systems, we have analyzed the frequency distribution of spin relaxation mechanism of TTO pyrochlore in Fig. 6(b) , by ploting the variation between χ'' with frequency f. From this figure it can be seen that there is a consistent change in shape and pattern with increasing temperature as it reaches towards spin freezing transition temperature T~33K and shows a relatively sharp peak. For a single ion relaxation process, data can be interpreted by Casimir-du Pre relation which is χ''(f)=fτ[(χ T -χ S )/(1+f 2 τ 2 )], where χ T is isothermal susceptibility in the limit of low frequency and χ S is the adiabatic susceptibility in the limit of high frequency [64] . From inset of Fig. 6(b) , it can be seen that for temperature 33.1K and near this temperature, although the normalized χ'' fits with the relation, quality of that fitting i.e. Fig. 7(a) shows the ac magnetization of both YTTO and pure TTO. It can be clearly seen that in χ''(T) graph [inset of Fig.7(a) curve for all the systems at zero magnetic field (H = 0 Oe) for particular 500
Hz frequency. In Fig. (8 (T f ) (inset Fig.8 (b) ). This result of ETO compound is consistent with earlier reported data [46] . In To observe the effect of magnetic field on the AC susceptibility, a field of 1T was applied for all the samples. Fig.(9) shows the ac susceptibility data of all the samples at a DC magnetic field of 1T. In Fig 9(a) peak systematically shifts towards higher temperature with increasing the concentration of Eu ions.
The peak positions of (T * ) are listed in a table (6) The shifting of (T * ) peak with Eu 3+ doping is possibly due to a systematic change in its structure and analogous variation in the crystal field levels as the crystal field depends on the different structural parameters like, lattice constants and positional parameters of R +3 ions [44] . For ETO sample, we did not found any field induced transition which is consistent with earlier report data As for first three samples (T * ) peak show a monotonous growth but the shape of peak is not clear but for last two samples, this low temperature field induced transition peak is quite prominent. The reason for that strange behaviour may be the more interaction between TbEu ions as compared to interaction between Tb-Tb ions. To fully understand the origin of this new spin freezing in TTO Pyrochlore and to know the unrevealed concepts of spin mechanism, more measurement like neutron diffraction and specific heat may help us.
Conclusion
We have systematically studied the structural, Raman and magnetic properties of (Tb 1- The inset (ii) shows Arrhenius Fit of Tb 2 Ti 2 O 7 . 
